Background Opioids are routinely prescribed after hand surgery, but there is limited research about surgeon variation in prescription patterns and attitudes toward the use of these drugs. We sought to examine hand surgeons' attitudes, beliefs, and self-reported practices regarding the use of opioids. Methods An invitation to an online cross-sectional survey was sent to 3225 hand surgeons across the USA via email, of whom 502 (16 %) responded. We used previously published data to compare hand surgeons' concerns about potential adverse opioid-related events with those of primary care physicians.
Introduction
The USA is in the midst of a prescription opioid overdose and abuse epidemic [9] . Physicians were advised to use more and stronger opioids for pain relief, prescriptions for opioid analgesics rose [21, 29] , and now, prescription opioids constitute the most common cause of unintentional overdose, lead to more deaths annually than all illicit drugs combined [15] , and have created a resurgence in heroin use [17, 33] . Opioids are often prescribed for management of nonmalignant musculoskeletal pain [2, 5, 6, 12, 19, 34] , in spite of uncertainty regarding their long-term effectiveness [22, 27] .
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Hand surgeons routinely prescribe opioids for pain relief, and there is an unexplained surgeon-to-surgeon variation in the amount of opioids prescribed [31] . Rodgers and colleagues [30] recently reported that opioids were overprescribed after elective outpatient upper extremity surgery, creating the potential for diversion, abuse, and accidental harm. Despite the pivotal role that providers play in maximizing the safe use of these drugs, little is known about hand surgeons' views and practices regarding prescription opioid use. Given the current dimensions of the opioid epidemic, a better understanding of hand surgeons' prescribing patterns and perceptions of adverse opioid-related events is central for patient safety and for the development of opioid management policies.
We undertook this study to examine hand surgeons' attitudes, beliefs, and self-reported practices regarding the use of opioids. Additionally, we compared concerns about potential adverse patient and prescriber outcomes associated with opioid prescribing between hand surgeons and primary care physicians.
Materials and Methods

Survey Design and Administration
We conducted an online cross-sectional survey to determine attitudes, beliefs, and self-reported practices of hand surgeons regarding prescription opioid use. The survey was developed using the Research Electronic Data Capture (REDCap; Vanderbilt University, Nashville, TN, USA) software [10] , a secure web-based application designed to support data collection for clinical research. The survey consisted of 34 items, including nine demographic questions. Demographic data were age, sex, race/ethnicity, specialty (orthopedic surgery, plastic surgery, general surgery, other), practice type (solo, group, other) and setting (academic, private), the number of patients seen per month, number of surgeries performed per month, and number of patients prescribed an opioid per month. Of the 25 multiple-choice items related to prescription opioids (Appendix), 20 were adapted from a recent similar study by Hwang and colleagues [14] in primary care physicians.
Emails with a link to the online survey were sent to 3225 hand surgeons across the USA on January 7, 2015. The survey was open for 2 weeks. Our institutional review board approved this study, and consent was implied by completion of the survey. No compensation was offered for participation.
Respondent Characteristics
A total of 502 hand surgeons completed the survey, for a response rate of 16 %. Retired hand surgeons (n=10) were excluded to keep the study population uniform and relevant to current practice standards, thus leaving 492 respondents for data analysis ( Table 1) .
The majority of respondents were men (87 %), white (90 %), and orthopedic surgeons (84 %). The mean (±SD) age was 49 (±11)years, and 65 % were private practitioners. On average, hand surgeons reported seeing 310 (±167) patients per month, performing 43 (±21) surgeries per month, and prescribing opioids to 49 (±30) patients per month.
Statistical Analysis
Data analysis involved descriptive statistics. Continuous variables were presented in terms of the mean and standard deviation, and categorical variables were reported with percentages.
We used two-sample tests of proportions to compare our findings with those of Hwang and colleagues [14] in primary care physicians. Specifically, we compared the rate of concern about potential adverse patient and prescriber outcomes associated with opioid prescribing between hand surgeons and primary care physicians. For these comparisons, respondents were considered Bconcerned^if they rated their answer as Bvery^or Bmoderately^concerned. Statistical significance was set at P<0.05.
Results
Most hand surgeons (76 %) reported prescription opioid abuse to be a big or moderate problem in their communities, and 89 % felt that opioids are overused to treat pain ( Table 2) .
Nearly all hand surgeons (94 %) were very or moderately confident about their clinical skills regarding opioid prescribing. Nevertheless, fewer than half (40 %) reported always or often asking about a history of opioid abuse or dependence before scheduling surgery. Most (75 %) were very or moderately comfortable refilling opioid prescriptions following hand and wrist fracture surgery, while only 13 % were comfortable doing so after minor elective hand surgery. Only 3.8 % were comfortable prescribing opioids for chronic nonspecific arm pain.
Many hand surgeons reported being very or moderately concerned about potential adverse outcomes including opioid-related deaths (37 %), motor vehicle accidents (53 %), sedation (57 %), impaired cognition (58 %), nonadherence (59 %), tolerance (66 %), and addiction (67 %). When prescription opioids are used as directed, hand surgeons generally agreed that the frequency of adverse events (e.g., addiction, hyperalgesia, physical dependence, ceiling effects, tolerance) is not high. Hand surgeons expressed relatively low degrees of concern for potential adverse prescriber outcomes (e.g., malpractice claim, prosecution, censure by state medical board).
Nearly half of all hand surgeons (49 %) reported being less likely to prescribe opioids compared to 1 year ago. Two-thirds (67 %) believed that the best approach to reduce postoperative opioid use is to discuss pain management and expectations with the patient before surgery.
Compared to primary care physicians, hand surgeons were less likely to be concerned about potential adverse patient outcomes, including opioid-related addiction (67 vs. 84 %, P<0.001), deaths (37 vs. 70 %, P<0.001), motor vehicle accidents (53 vs. 77 %, P<0.001), tolerance (66 vs. 75 %, P=0.033), impaired cognition (58 vs. 74 %, P < 0.001), and sedation (57 vs. 71 %, P<0.001; Fig. 1 ). Hand surgeons were also less concerned about potential adverse prescriber outcomes such as malpractice claims (22 vs. 46 %, P<0.001), prosecution (15 vs. 45 %, P<0.001), and censure by state medical boards (16 vs. 44 %, P<0.001; Fig. 2 ).
Discussion
Opioid prescriptions have risen dramatically over the last decade, largely driven by concerns in the late 1990s about the undertreatment of pain accompanied by aggressive marketing strategies from pharmaceutical companies [21] . Concurrently, there has been an increase in opioid abuse and dependence [16] . Providers, administrators, and policymakers are now faced with a vexing challenge to develop strategies to mitigate misuse while treating pain effectively. The fact that patient satisfaction-including satisfaction with pain managementis increasingly incentivized and publicly reported further complicates this situation, as satisfaction surveys may have the unintended effect of encouraging physicians to prescribe opioids in order to please patients and avoid financial penalties [1, 38] . Opioids are routinely prescribed after hand surgery, but there is limited research about surgeon variation in prescription patterns and attitudes toward the use of opioids. This information is important for quality improvement purposes and may have clinical and economic implications. We therefore set out to determine the attitudes, beliefs, and selfreported practices of hand surgeons regarding prescription opioid use. In addition, we compared the rate of concern about potential adverse opioid-related events between hand surgeons and primary care physicians.
Our analysis should be interpreted cautiously in light of its limitations. First, our data are based on self-report and prone to socially desirable bias [14, 37] . We minimized this potential by ensuring respondent confidentiality and avoiding leading questions. Second, although within the range reported for physician surveys [8, 18, 23, 24, 26] , our low response rate (16 %) could be indicative of nonresponse bias and the findings may not be representative of all hand surgeons in the USA. Third, the survey instrument was not psychometrically evaluated to determine its reliability or content validity, but most items were based on a previously published survey of primary care physicians [14] . Fourth, employing a web-based survey introduces a selection bias in which technologically inclined respondents may dominate responses [20] . However, this is not a major concern among physicians, given that nearly all have access to the Internet and check their email several times a week [3, 4] . Finally, we used closed-ended questions rather than evaluating surgeons' views in an open-ended manner. This approach is better suited for quantitative analysis but provides less insight into respondents' thoughts and ideas.
Our findings suggest that hand surgeons have become aware of the extent and public health implications of the prescription opioid epidemic, and many are taking an active role by reducing their reliance on these products. Although we did not assess hand surgeons' attitudes and beliefs over time, it is likely that increased publicity and awareness of prescription opioid abuse and its consequences may have contributed to these findings [14] . It can also be speculated that tightening regulations on opioid prescribing may have created a sentinel effect, making physicians more cautious regarding the use of these drugs and perhaps more willing to seek nonopioid alternatives for managing pain. Despite widespread concerns about overuse, nearly all hand surgeons surveyed (94 %) were very or moderately confident in their own ability to prescribe opioids appropriately. These high levels of self-perceived confidence regarding opioid prescribing might be partly explained by the notion that physicians generally perceive their own clinical skills and judgment as superior to that of their peers (Bego bias^) [35] . Most hand surgeons felt that, in order to reduce postoperative opioid use, it is critical to educate patients about pain management and expectations prior to surgery. Along these lines, Holman and colleagues [13] recently demonstrated that preoperative discussion of a 6-week opioid prescription limitation was effective in reducing opioid use after fracture surgery. Physician education is also emerging as a key element in reducing postoperative opioid use, and there is recent evidence of its successful implementation in hand surgery [31] . Stanek and colleagues [31] reported that the use of a simple educational assist device containing recommended prescription sizes for common hand operations was associated with reduced postoperative opioid prescribing.
Another valid approach to reduce postoperative opioid prescribing is to use nonopioid analgesics when possible-something that is common practice in Europe [11] . It is our opinion that the use of nonopioid pain relievers after minor elective hand surgery should be encouraged and perhaps incentivized. Hand surgeons' reluctance to ask about a history of opioid abuse or dependence before scheduling surgery is of note. Providers might consider asking potentially sensitive questions about drug misuse in the context of other behavioral and lifestyle (e.g., exercise, diet, weight control) questions, which could help both patient and surgeon feel more comfortable and minimize any perceived stigma or bias associated with the questions [28] . Routine use of prescription drug monitoring programs that digitally store controlled substance dispensing information might also help identify patients with behaviors suggestive of opioid diversion and Bdoctor shopping [7, 9, 25, 32] .Ŵ e found differences in the judged importance of problems associated with opioid prescribing between hand surgeons and primary care physicians in the USA. Hand surgeons tended to be less concerned about potential adverse patient and prescriber outcomes. Reasons for the observed differences merit further study, but because primary care physicians are more at the Fig. 1 Concern about potential adverse patient outcomes associated with opioid prescribing among hand surgeons and primary care physicians; *P<0.05 Fig. 2 Concern about potential adverse prescriber outcomes associated with opioid prescribing among hand surgeons and primary care physicians; *P<0.05 frontline of the opioid abuse epidemic, they may be more likely to encounter opioid-related adverse events than hand surgeons [36] .
In conclusion, this study provides evidence that hand surgeons recognize the current dimensions and consequences of the prescription opioid crisis, and many have altered their opioid prescribing practices during the past 12 months. Although hand surgeons are less concerned than primary care doctors about potential adverse opioid-related events, they have similarly reduced their reliance on opioids. Additional research using pharmacy data is needed to confirm the extent to which hand surgeons' reliance on prescription opioids is actually decreasing.
